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The Gulf of Maine Temperature Structure Between
Bar Harbor, Maine, and Yarmouth, Nova Scotia,

June 1975-November 1976

ROBERT J. PAWLOWSKI'

ABSTRACT

Monitoring of the temperature structure on a vertical section between Bar Harbor, Maine, and
Yarmouth. Nova Scotia, has permitted observation of the seasonal warming and cooling trends in the

northern Culf of Maine. Data have revealed a rise in both temperature and salinity from 197.5 to 197fi.

INTRODUCTION METHODS

In .liine \91Fi the Northeast Fisheries Center and the

Atlantic Environmental Oroup of the National Marine

Fisheries Service (NMFS) began a cooperative tempera-

ture study of the northern Gulf of Maine as a part of the

continuinj; NMFS Ship of Opportunity Program. Obser-

vations were obtained monthly through November 1976,

except for February 1976, aboard the Canadian National

Railways Ferry (C/N), MV Bluenose, during its service

from Bar Harbor, Maine, to Yarmouth, Nova Scotia. The
purpose of this paper is to review and summarize the

data, compare them with historical data, and compare

the data for the summer and autumn of 1975 and 1976.

Long-term and seasonal temperature trends in the

Gulf of Maine have been noted by Bumpus and Chase

(1967) and Colton and Stoddard (1972). Colton (1968)

reported on a warming trend that reached its maximum
from 19.'i2 to ig.'i^, followed by uninterrupted cooling into

1967 Davis- found an end to this cooling trend in 1968

and resumption of a warming trend that continued into

197.5. Present monthly temperature observations show

that the warming trend has continued into 1976. The
monitoring of these trends is being continued. The area

between Bar Harbor, Maine, and Yarmouth, Nova
Scotia, was chosen because of the year-round ferry ser-

vice and our assumption that it gave a representative

section across the Gulf of Maine. Analysis of the circula-

tion in the Gulf of Maine (Bumpus and Lauzier 1965;

Lauzier 1967) showed that this section crossed both water

of Scotian Shelf origin off Nova Scotia and waters mixed
with the Bay of Fundy to the west. The temperature

structure of water deeper than 150 m represents localized

movement in the deep Gulf of Maine and the influence of

waters entering through the Northeast Channel.

'Northeast Fisheries Center, National Marine Fisheries Service,

NOAA, Woods Hole. Mass.; present address: NOAA Ship George B.

Kelez {R-441), POB 176, Ryder Station, Brooklyn. NY 11234.

^C. W. Davis. 1976. Spring and autumn water temperatures in the

Gulf of Maine and Georges Bank. 1968-1975. ICNAF Res. Doc. No. 85.

Ser. No. 3897. 13 p. Unpubi. manuscr.

F,.\pen(lahk' bathythermograph (\BT) stations were

taken at 30-min intervals along the ferry track (Fig. 1) on

dates specified in Table 1. Temperature data were col-

lected on a Sippican Model R-60.'3C XBT system, which

[)rovided continuous vertical temperature profiling with

±0.2°C temperature and ±0.2' r depth accuracy. The
recorder was calibrated to specifications prior to each

cruise and checked for reference temperature (16.7°C)

before each cast. At the station, a sea surface bucket

temperature was taken and compared with the recorder

surface temperature. Comparison was also made
between the ship's bathymetric sounding and the trace

bottom mark. As data compared within the system's ac-

curacy, temperatures were read for 0.1°C.

At each station, a sea surface salinity sample was col-

lected for processing ashore on a Beckman Model RS-7B
inductive salinometer. The salinometer was calibrated at

the beginning and end of each set of samples by water of

known conductivity. This method met the manufac-

turer's specified accuracy (±0.003%.), with data reported

to o.orAo.

Data are presented as vertical temperature sections,

sea surface and bottom temperature plots, and sea sur-

face salinity plots. Position data were used in organizing

these figures. Each position was determined at sea

through Decca radio navigation or radar ranges and bear-

ings on navigational aids or coastal land ma.sses. A stan-

dard bathymetric profile was also developed using ship's

soundings and the Canadian Hydrographic Office Chart

#401 1 . Temperature was contoured to vertical section for

Table I.— Dates of expandable bathythermograph observations from
MV Bluenose between Bar Harbor, Maine, and Yarmouth, Nova
Scotia.

18 .June 1975

16 July 1975

13 Aug. 1975

17 Sept. 1975

14 Oct. 1975

18 Nov. 1975

16 Dec. 1976

25 Mar. 1976

20 Apr. 1976

25 May 1976

16 .lune 1976

15 July 1976

17 Aug. 1976

14 Sept. 1976

19 Oct. 1976

09 Nov. 1976
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Summer 1975

The temperature structure of summer 1975 (Fig. 21

was characterized by four prominent features: the

development of a stroofj seasonal thermocline above 50 m
offshore of the 100-m isobath, vertical mixing and warm-
ing of coastal waters, breakdown of two temperature

minimum cells below the thermocline (50-150 ml. and
the minor fluctuation of temperatures in waters deeper

than 150 m.

Summer solar warming developed a thermocline above

50 m in the central Gulf of Maine, with gradual down-
ward conduction of heat. Above the thermocline waters

warmed at a rate of about 2°C per month. The maximum
surface temperature, l.T.6°C, was reached in August,

with surface temperatures generally being l°to2°C
higher than in coastal waters (Fig. 2).

Coastal waters (inshore of the 100-m isobath) warmed
throughout the water column, with weak thermocline

development off Maine and homogeneous conditions off

Nova Scotia. Bottom temperatures reflected the mixing

conditions off Nova Scotia, having a greater monthly rise

and higher maximum temperature than coastal Maine.

During June and July two low temperature cells ex-

isted between ,50 and 150 m in central gulf waters, bound-

ed by the shallow thermocline and seaward progression of

warmer coastal waters. As the season progressed, these

cold areas dissipated through warming influence from
surrounding layers. A temperature inversion of l''-2°C oc-

curred below 1.50 m during -June and .luly with upward
mixing that appeared to isolate the shallower cold cells.

By August this inversion disappeared and temperatures
nionotonicallv decreased to the bottom.

Autumn 1975

Autumn 1975 temperatures (Fig. .i) involved a change
from the warming to a cooling trend, with increased ver-

tical mixing. Coastal Maine and central gulf waters

began a steady cooling trend in September, while waters

off Nova Scotia reached a maximum temperature during
September and cooled through October and November.
The central gulfs thermocline mixed downward, with

continued warming of middepth waters into November.
Bottom waters (deeper than 150 m) warmed through
September and October, then cooled in November.

Winter 1975-76

The temperature for the winter of 1975-76 (Fig. 4)

showed an acceleration in the cooling trend as the largest

temperature decrease occurred between December and
January (>2°C above 50 m). Minimum temperatures

BB b-B\



9HtvnM.mI3 Figures.— Vertical temperature sections (°C) for the Gulf
of Maine between Bar Harbor, Maine, and Yarmouth,
Nova Scotia, autumn 1975.



Spring 1976

The spring I97fi warming trend (Fig. 5) began in sur-

face waters during March. Minimum temperatures at 50

to 150 m were reached in March, while waters deeper

than 150 m continued a cooling trend until April and

May. As the spring progressed, coastal waters warmed
from the shores outward, while a thermocline developed

in the central gulf area above 50 m. These two processes,

along with the relatively constant temperature in deep

water, constricted the winter-cooled water into a

minimum temperature layer between 50 and 100 m. This

layer was similar to that found in summer 1975 (Fig. 2),

but lacked the cellular structure noted previously.

Summer 1976

The data from summer 1976 (Fig. 6) showed tempera-

ture characteristics similar to those of the previous year,

but generally 2°C warmer. The thermocline developed

through the summer, with rapid surface warming (>2°C)

in .lune and July, followed by a decrease in the warming
rate during August as waters neared maximum tem-

perature. The minimum temperature layer dissipated by

July, with continued warming at middepths through

August. Temperatures below 1.50 m warmed into June,

followed by a rapid increase in the eastern basin during

July and continued increases in both basins through

August.

Autumn 1976

Autumn 1976 (Fig. 7) was characterized by a continu-

ation of stable water cohimn conditions and warming
into September, with yearly maximum temperatures be-

ing 1° to :\°C higher than in 1975. A change to cooling

and loss of stability occurred in October with a break-

down of the thermocline. This cooling continued into

November bringing temperatures and structure similar

to the previous year. Waters deeper than 100 m showed a

westerly shift of the 9°("^ isotherm, but otherwise main-

tained constant temperatures in September. October fol-

lowed with cooling and development of an 8°C cell in the

western basin. This cell dissipated with an unexplained

return to warming in November.

The historical mean data (Figs. 8-13) show the same
major features found in the 1975 and 1976 data: the

development of a surface water thermocline, the spring-

summer minimum temperature layer, and a bottom tem-

perature inversion. Seasonal trends were consistent

between historical and present sections. Variations ex-

isted in the extent of thermocline development into

coastal waters and the change in deep bottom tempera-

ture structure. Temperatures were 1° to 5°C warmer in

1975 and 1976 than the mean historical temperatures.

BAR HARBOR YARMOUT><
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Figure 6.—Vertical temperature sections (°C) for the Gulf

of Maine between Bar Harbor, Maine, and Yarmouth,
™ D 12 Nova Scotia, summer 1976.

The surface salinity (Fig. 14) varied throughout the

sampling period with no distinct seasonal characteris-

tics. An overall increasing trend occurred through the

sampling period. In most cases, the salinities were higher

in the central gulf waters than in coastal waters. The

salinity along the study track increased through sum-

mer 1975, reaching a peak in October. After October,

central gulf and Nova Scotian waters rapidly decreased

(0.57.,/month) into November and December, while

Maine coastal waters maintained a slower rate. In

December the salinity in Maine waters dropped sig-

nificantly (0.67„); the lowest values occurred in Janu-

ary, followed by an increase into spring. Both Nova

Scotian and central gulf waters maintained a steady in-

crease of salinity through the winter, with peaks in

March for central gulf waters and in April for coastal

Nova Scotian waters. The gulf waters fluctuated through

the spring, with a rise into summer 1976. Salinities con-

tinued to increase through the summer and fall, with

values about 1%. higher than in 1975.

DISCUSSION

The Gulf of Maine transect can be divided into five

areas: coastal Maine (offshore to 100 m), coastal Nova

Scotia (offshore to 100 m), central surface waters (above

50 m), central middepth waters (50-150 m), and central

bottom waters (deeper than 150 m). Each area showed

distinct characteristics and interactions with the sur-

rounding environment.

Coastal Maine Waters

Coastal Maine waters underwent a warming trend

from March through September with development of a

weak thermocline through the summer months. The
thermocline broke down in the fall, with cooling from the

shores outward through January. Maximum tempera-

tures were reached in September and minimum tem-

peratures in January.

Coastal Nova Scotian Waters

Coastal Nova Scotian waters had homogeneous con-

ditions throughout the sampling period. The warming

trend existed from April through September, with bot-

tom temperatures 0.5° to 1.5°C warmer than coastal

Maine. The cooling trend proceeded slowly through the

fall, accelerated through the winter, bringing minimum
temperatures by March. The historical means exhibit

similar seasonal development; however, they show a

summer thermocline near the Nova Scotian coast which

was not present in 1975 and 1976.
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Figure 7.—Vertical temperature sections (°C) for the Gulf

of Maine between Bar Harbor, Maine, and Yarmouth,

Nova Scotia, autumn 1976.
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This is consistent with Colton (1968) in which no

seasonal trends were noted for bottom temperatures in

the Gulf of Maine. Colton pointed out:

It would appear that trends in subsurface temperatures can

be traced to variation in the composition of these offshore

waters as well as to the volume of their indraft through the

Northeast Channel.

A review of the sections showed abrupt warming in Oc-

tober and December 197.5, and in July and August 1976.

These changes are presumably due to influence from

mixed slope water. The bottom circulation for the Gulf of

Maine inferred from seabed drifters indicates (Lauzier

1967) inflow to this area. However, due to lack of subsur-

face salinity data, the amount of slope water present can-

not be determined. Davis (see footnote 2) noted a bot-

tom-water warming trend from 1971 through 1974, with

abrupt cooling by autumn 1975 in the Gulf of Maine. The
slow rise in deep temperatures for these sections (Fig. 13)

and the differences between 1975 and 1976 for summer

and fall temperatures (Figs. 2, 3, 7, 8) indicate fall 1975

as a break in the existing warming trend, followed by a

return to warming in 1976.

SUMMARY

All sections showed similar water column structure

and seasonal changes when compared to historical sec-

tions, but temperatures were generally 1° to 5°C warmer

in the 1975-76 sections.

Warming trends began in late winter and continued

through summer, progressing from the coast outward in

waters inshore of the 100-m isobath. Central gulf waters

developed a spring and summer thermocline above 50 m
that restricted rapid warming (>2°C/month) to surface

waters. Maximum temperatures occurred from late

August to September. Cooling trends began in Septem-

ber and October, developed homogeneous conditions by

late fall, and cooled through January. Reversal to a

warming trend occurred during February to March.

A minimum temperature layer developed in the spring

months at middepths with constriction of winter-cooled

water by the surface thermocline and offshore progres-

sion of warmer coastal waters. This layer continued

warming with influence from surrounding layers and dis-

sipated by late summer. The minimum temperature

layer appeared in 1975 to consist of two cold spells

separated by warmer water. Such structure may be

related to deep flow into and out of the northern Gulf of

Maine. Waters deeper than 150 m fluctuated in tem-

perature regardless of season, probably due to influence

from sporadic slope water inflow at the Northeast Chan-

nel.

Oceanogra|)hic conditions in the Gulf of .Maine were

warmer in 1976 than in 1975. Fall 1976 followed with

cooling that brought similar temperatures for both years

by November. Surface waters in summer and fall 1976

were more saline (1%.) than in 1975.
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March 197.5, iii + 33 p.; Part 2. Review and contributed papers. July
1974, iv -I- 355 p. (38 papers); Part 3. Species synopses. June 1975, iii -f

1.59 p. (8 papers). Richard S. Shomura and Francis Williams (editors).

For sale bv the Superintendmt of Documents, U.S. Government Printing

Office, Washington. D.C. 20402.

676. Price spreads and cost analyses for finfish and shellfish products at

different marketing levels. By Erwin S. Penn. March 1974, vi -I- 74 p., 15

figs/, 12 tables, 12 app. figs., 14 app. tables. For sale by the Superinten-
dent of Documents, U.S. Government Printing Office, Washington. DC.
20402.

677. Abundance of benthic macroinvertebrates in natural and altered
estuarine areas. By Gill Gilmore and Lee Trent. April 1974, iii -I- 13 p.,

11 figs., 3 tables. 2 app. tables. For sale by the Superintendent
of Documents, U.S. Government Printing Office, Washington, D.C.
20402.

678. Distribution, abundance, and growth of juvenile sockeye salmon,
Oncurhynchus nirka. and associated species in the Naknek River system,
1961-64. By Robert J. Ellis. September 1974, v + ,53 p., 27 figs., 26 tables.

For sale by the Superintendent of Documents, U.S. Government Printing
Office, Washington. DC. 20402.

679. Kinds and abundance of zooplankton collected by the USCG
icebreaker (Slacier in the eastern Chukchi Sea, September-October 1970.
By Bruce L. Wing. August 1974, iv -h 18 p., 14 figs., 6 tables. For sale by
the Superintendent of Documents, U.S. Government Printing Office,
Washington. DC. 20402.

680. Pelagic amphipod crustaceans from the southeastern Bering Sea,
June 1971. By Gerald A. Sanger. July 1974, iii -I- 8 p., 3 figs., 3 tables. For
sale by the Superintendent of Documents, U.S. Government Printing Of-
fice. Washington, D.C. 20402.

681. Physiological response of the cunner, Tautogolabrus adspersux. to
cadmium. October 1974, iv + 33 p., 6 papers, various authors. For .sale by
the Superintendent of Documents, U.S. Government Printing Office.
Washington, D.C. 20402.

682. Heat exchange between ocean and atmosphere in the eastern
North Pacific for 1961-71. By N. E. Clark, L. Eber. R. M. Laurs. J. A.
Renner, and J. F. T. Saur. December 1974, iii + 108 p., 2 figs.. 1 table, 5
plates.

683. Bioeconomic relationships for the Maine lobster fishery with con-
sideration of alternative management schemes. By Robert L. Dow,
Frederick W. Bell, and Donald M. Harriman. March 1975. v + 44 p.. 2()

figs., 25 tables. For sale by the Superintendent of Documents. U.S.
Government Printing Office, Washington, D.C. 20402.

684. Age and size composition of the Atlantic menhaden, Hreroortia
tyrannus. purse seine catch, 1963-71, with a brief discussion of the
fishery. By William R. Nicholson. June 1975, iv + 28 p., 1 fig., 12
tables, 18 app. tables. For sale by the Superintendent of Documents, U.S.
Government Printing Office, Washington, DC. 20402.

685. An annotated list of larval and juvenile fishes captured with sur-
face-towed meter net in the South Atlantic Bight durmg four RV Dolphin
cruises between May 1967 and February 1968. By Michael P.
Fahay. March 197,5, iv + 39 p., 19 figs., 9 tables, 1 app.table. For sale

by the Superintendent of Documents, U.S. Government Printing Office,

Washington, D.C. 20402.

686. Pink salmon, Oncorhunchus fiurbuscha, tagging experiments in

.southeastern Alaska. 19.)8-42 and 1945. By Roy E. Nakatani, Gerald J.

Paulik. and Richard Van Cleve. April 1975, iv + ,39 p., 24 figs., 16
tables For sale by the Superintendent of Documents, U.S. Government
Printing Office. Washington, DC. 20402.

687. Annotated bibliography on the biology of the menhadens. Genus
Brevonrtia. 1963-1973. By John W. Reintjes and Peggy M.
Keney. April 1975, 92 p. For sale by the Superintendent of

Documents. U.S. Government Printing Office, Washington, DC. 20402.

688. Effect of gas supersaturated Columbia River water on the survival

of juvenile chinook and coho salmon. By Theodore H. Blahm, Robert J.

McConnell. and George R. Snyder April 1975, iii -y 22 p., 8 figs.. 5

tables, 4 app. tables. For sale by the .Superintendent of Documents, U.S.
Government Printing Office. Washington. DC. 20402.

689. Ocean distribution of stocks of Pacific salmon, Oncorhynchus spp.,

and steelhead trout, Salmo /iairdncni. as shown by tagging experiments.
Charts of tag recoveries by Canada, Japan, and the United States. 19.56-

69 By Robert R. French. Richard G. Bakkala, and Doyle F. Suther-
land. June 1975, viii -H 89 p.. 117 figs., 2 tables. For sale by the
Superintendent of Documents, U.S. Government Printing Office.

Washington, D.C. 20402.

690. Migratory routes of adult sockeye salmon, Oncorhynchus nerka. in

the eastern Bering Sea and Bristol Bay. By Richard R. Straty April

1975. iv + 32 p.. 22 figs., 3 tables, 3 app. tables. For sale by the
Superintendent of Documents, U.S. Government Printing Office,

Washington, D.C. 20402.

691. Seasonal distributions of larval flatfishes (Pleuronectiformes) on
the continental shelf between Cape Cod. Massachusetts, and Cape
Lookout, North Carolina, 1965-66. By W. G. Smith. J. D. Sibunka. and
A. Wells. June 1975. iv + 68 p.. 72 figs., 16 tables.

692. Expendable bathythermograph observations from the
NMFS/MARAD Ship of Opportunity Program for 1972. By Steven K.
Cook. June 1975. iv -f 81 p., 81 figs. For sale by the Superintendent of

Documents, U.S. Government Printing Office. Washington, D.C. 20402.

693. Daily and weekly upwelling indices, we.st coast of North America,
1967-73. By Andrew Bakun. August 1975. iii -H 1 14 p., 3 figs. 6 tables.

694. .Semiclosed seawater system with automatic salinity, temperature
and turbidity control. By Sid Korn. September 1975, iii -(- 5 p., 7 figs.,

1 table.

695. Distributicm, relative abundance, and movement of skipjack tuna,
Katsuuonus pelamis. in the Pacific Ocean based on -lapanese tuna long-

line catches, 1964-67, By Walter M, Matsumoto. October 1975, iii +
.30 p.. 15 figs.. 4 tables.

696. Large-scale air-sea interactions at ocean weather station V, 1951-

71. By David M. Husby and Gunter R. .Seckel. November 1975, iv -I-

44 p., 11 figs.. 4 tables. For sale by the Superintendent of Documents.
U.S. Government Printing Office, Washington. DC. 20402.

697. Fish and hydrographic collections made by the research vessels

Dolphin and Delaware II during 1968-72 from New York to Florida. By
S, .1, Wilk and M. J. Silverman. January 1976. iii + 159 p., 1 table. 2
app. tables. For sale by the Superintendent of Documents. U.S.
Government Printing Office. Washington, D.C. 20402.

698. Summer benthic fish fauna of Sandy Hook Bay. New Jersey. By
Stuart .1 Wilk and Myron J, Silverman, January i976, iv -t- 16 p.. 21

figs.. I table. 2 app. tables. For sale by the Superintendent of

Documents. U.S. Government Printing Office. Washington. D.C. 20402.

699. Seasonal surface currents off the coasts of Vancouver Island and
Washington as shown by drift bottle experimentjs. 1964-65. By W.
James Ingraham, Jr. and James R, Hastings, May 1976. iii -f 9 p, 4

figs.. 4 tables.
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NOAA SCIENTIFIC AND TECHNICAL PUBLICATIONS

NOAA. the S'alional Oceanic and Almospheric Administration, was established as part of the Department of

Cominerce on October 3. 1970 The mission responsibilities of NOAA are to monitor and predict the state of the

solid Earth, the oceans and their living resources, the atmosphere, and the space environment of the Earth, and to

assess the socioeconomic impact of natural and technological changes in the environment

The six Major line Components of NOAA regularly produce various types of scientific and technical infor-

mation in the following kinds of publications:

PROFESSIONAL PAPERS— Important definitive

research results, major techniques, and special in-

vestigations.

TECHNICAL REPORTS—Journal quality with

extensive details, mathematical developments, or

data listings,

TECHNICAL MEMORANDUMS— Reports of

preliminary, partial, or negative research or tech-

nology results, interim instructions, and the like

CONTRACT AND GRANT REPORTS— Reports

prepared by contractors or grantees under NOAA
sponsorship.

TECHNICAL SERVICE PUBLICATIONS—
These are publications containing data, observations,

instructions, etc A partial listing Data serials; Pre-

diction and outlook periodicals: Technical manuals,

training papers, planning reports, and information

serials; and Miscellaneous technical publications

ATLAS—Analysed data generally presented in the

form of maps showing distribution of rainfall,

chemical and physical conditions of oceans and at-

mosphere, distribution of fishes and marine mam-
mals, ionospheric conditions, etc.

Information on avtiltblllty ol NOAA publlcatlont can b» obtalntd from:

ENVIRONMENTAL SCIENCE INFORMATION CENTER
ENVIRONMENTAL DATA AND INFORMATION SERVICE

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
U.S. DEPARTMENT OF COMMERCE

6009 Executive Boulevard

Rockvllle, MD 208S2


